Introduction
============

Lipids containing polyunsaturated fatty acids are readily oxidized by molecular oxygen, and such oxidation proceeds by a free radical chain mechanism ([@B1]). Lipid peroxidation can lead to aging, coronary heart disease, stroke, diabetes mellitus, rheumatic disease, liver disorders, multiple sclerosis, Parkinson\'s disease, autoimmune disease, Alzheimer\'s and carcinogenesis ([@B2],[@B3]). An increasing number of investigations have been carried out to find antioxidative drugs, which not only prolong the shelf life of food products but also participate as radical scavengers in living organisms.

As with other synthetic food additives, commercial antioxidants have been criticized, mainly due to possible toxic effects. Therefore, there is an increasing interest in the antioxidative activity of natural compounds ([@B4],[@B5]). They can be an alternative to the use of synthetic compounds in food and pharmaceutical technology or serve as lead compounds for the development of new drugs with the prospect of improving the treatment of various disorders.

Iranian conifers consist of two families: Cupressaceae and Taxaceae. Cupressaceae consist of one species of *Cupressus* \[*C. semipervirens* L. with two varieties: *C. semipervirens* L. var. *horizontalis* (Mill.) Aiton and *C. semipervirens* L. var. *semipervirens* with a cultivar namely *C. semipervirens* L. cv. Cereifeormis\], one species of *Platycladus* (*P. orientalis* Franco) and five species of *Junniperus* \[*J. communis* L. subsp. *hemisphaerica* (Presl) Nyman, *J. oblonga* M. B., *J. sabina* L., *J. foetidissima* Willd. and *J. excelsa* M. B. with two subspecies namely *J. excelsa* M. B. subsp. *excelsa* and *J. excelsa* M. B. subsp. *polycarpos* (K. Koch) Takhtajan\]. The Taxaceae consist of only one species of *Taxus* (*T. baccata* L.). *C. semipervirens, P. orientalis* and *J. excelsa* M. B. subsp. *excelsa* are monoecious and others are diecious ([@B6; @B7; @B8; @B9; @B10; @B11]).

Iranian conifers are evergreen and aromatic plants are widely spread and grow in different parts of many countries including Iran. Each of them has its own Persian name ([@B6],[@B8; @B9; @B10; @B11]). Most of these trees are medicinal plants and seeds, dried leaves and fruits are used to treat various diseases like bronchitis, common cold, nose bleeds, hypertension, inflammation and gout, and used as expectorant, contraceptive, diuretics, for rheumatic symptoms, to regulate menstruation and to relieve menstrual pain ([@B12; @B13; @B14; @B15; @B16; @B17]). There are some reports on phytochemical and biological studies of some of these taxons as well as other related species ([@B18; @B19; @B20; @B21]).

There are a few reports about the antioxidant activity of conifers. The antioxidant activity of methanol extract of *J. chinensis* heartwood was determined by DPPH method ([@B22]). This plant revealed strong antioxidant activity. In another study, the *in vitro* antioxidant activity of *J. communis* fruit extracts were evaluated using different antioxidant assay. The results revealed that both the water and ethanol extracts exhibited strong total antioxidant activity ([@B23]). The antioxidant and radical scavenging properties of *C. semipervirence* (Cupressaceae) and *J. procera* essential oils were also tested by different methods ([@B24],[@B25]).

There are no previous reports concerning antioxidant properties of the extracts of Iranian conifers. Therefore, this study evaluated the antioxidant properties of the methanol extracts of fruits and leaves of both male and female Iranian conifers.

Materials and Methods
=====================

Plant Material
--------------

Plant specimens were collected from different parts of the country ([Fig. 1](#F1){ref-type="fig"}) as follows: *C. semipervirens* L. var. *horizontalis* (Mill.) Aiton \[syn. *C. horizontalis* Mill.\] from Sorkesh, Aliabad Katool, Golestan province, height 950m (October 2, 2002). Its Persian name is 'Zarbin'.*C. semipervirens* L. var. *semipervirens* \[syn. *C. Pyramidalis* Targ.-Tozz\] from Ecological Garden of Nowshar, Mazandaran province, height 23 m (October 5, 2002). Its Persian name is 'Sarve Shirazi'.*C. semipervirens* L. cv. Cereifeormis from campus of Ferdowsi University, Mashhad, Khorasan Razavi province, height 920m (March 3, 2003). Its Persian name is 'Sarve naz'.*J. communis* L. subsp. *hemisphaerica* (Presl) Nyman \[syn. *J. hemisphaerica* Presl\] from an area between Damalo and Cephali, Golestan province, height 2063 m (October 4, 2002). Its Persian names are 'Lambir' and 'Piru'.*J. excelsa* M. B. subsp. *excelsa* from Kelisa Kharabeh, margin of Aras river, East Azarbayejan province, height 1400--1600 m (November 30, 2002). Its Persian name is 'Arduij'.*J. excelsa* M. B. subsp. *polycarpos* (K. Koch) Takhtajan \[syn. *J. polycarpos* K. Koch\] from Chopoughlou Darahsi, East Azarbayejan province, height 1593 m (September 21, 2002). Its Persian name is 'Ors'.*J. oblonga* M. B. from an area between Makidi and Vainagh, Arasbaran, East Azarbayejan province, height 1500 m (July 6, 2002). Its Persian name is 'Chataneh'.*J. foetidissima* Willd. from an area between Makidi and Vainagh, Arasbaran, East Azarbaijan province, height of 1400 m (September 23, 2002). Its Persian name is 'Ardush'.*J. sabina* L. from Sourkesh, Aliabad Katool, Golestan province, height 2050 m (October 3, 2002). Its Persian name is 'Maymarz'.*P. orientalis* from Sourkesh, Aliabad Katool, Golestan province, height 851 m (October 2, 2002). Its Persian names are 'Sarve Khomrehi' and 'Nush'.*T. baccata* from Armaniolan, Arasbaran, East Azarbayejan province, height 1175 m (September 23, 2002). Its Persian name is 'Sorkhdar'. Figure 1.Locations of collected Iranian conifers (numbers as referred in text).

Dr M. Assadi, Research Institute of Forest and Rangelands, Ministry of Jahad Keshavarzi, Iran, was identified these plants. Voucher specimens of the taxons have been deposited in the Herbarium of National Botanical Garden of Iran. The collected materials were stored at −20°C in order to avoid unfavorable changes in the chemical components ([@B26]).

Extraction of the Samples
-------------------------

Individual fresh leaves of male and female of each of the dioecious plants and fresh leaves of monoecious of each taxon (100 g fresh wt.) as well as their fruits (100 g fresh wt.) were cut to small pieces and then ground by a blinder. Each sample was macerated in pure methanol for 24 h. The samples were then extracted using a percolator. The extracted solutions (27 samples) were concentrated at 50°C to dryness under reduced pressure. The methanol extracts of leaves and fruits of each taxon were evaluated for their antioxidant activity.

Isolation of Volatile Oils
--------------------------

The volatile oils of fresh leaves and fruits of male and female of each taxon (200 g fresh wt.) were isolated by wet steam distillation for 4 h ([@B27]). The oil samples were dried over anhydrous sodium sulfate. The yield percentages of the essential oils were expressed in ml/100 g of fresh plant materials.

Isolation and Quantification of Non-volatile Components
-------------------------------------------------------

The fruits and leaves of each plant (500 g) were dried at 50°C and then powdered separately. Each powder was defatted with petroleum ether (bp 40--60°C) using Soxhlet apparatus (6 h). The chemical components of defatted powders were extracted by maceration with methanol (four times). The methanol extracts were concentrated at reduced pressure and the presence of alkaloids ([@B28]), flavonoids ([@B29]), saponins ([@B30]) and tannins ([@B31]) were determined.

Antioxidant Assays
------------------

Several reports have evaluated the antioxidant activity of various essential oils and extracts of different plants ([@B1],[@B4],[@B32]). In this study, the methanol extracts of leaves, of male and female, and fruits of eleven different taxons of Iranian conifers (27 samples) were evaluated for their antioxidant activity (final concentration 0.02% w/v). Ferric thiocyanate (FTC) and thiobarbituric acid (TBA) methods were used to evaluate antioxidant activity ([@B33]). Vitamin E and butylated hydroxytoluene (BHT) (0.02%) were used as standards in both methods. One sample without antioxidant activity was also used as control.

In these experiments, for inhibition of linoleic acid peroxidation, the reaction mixture was composed of linoleic acid in ethanol, the sample solution, 0.05 mol/l phosphate buffer (pH 7.0) and water. Following incubation, the degree of oxidation was measured according to FTC and TBA methods. To calculate the percentage of antioxidant activity, after reading the absorbance of samples at 500 nm for FTC method and at 532 nm for TBA method, the percentage of activity was calculated according to the following equation: where *A*~0~ is the absorbance of the control reaction (reaction, containing no test compound) and *A* is the absorbance of the test compound. The values obtained for the control samples were taken for 100% lipid peroxidation.

Statistical Analysis
--------------------

All experiments were repeated three times and an average used for calculating the antioxidants activity of each sample. The antioxidant activity of the extracts and positive controls were compared by ANOVA one-way test, (*P* ≤ 0.05), using SPSS program.

Results
=======

Antioxidant Assays
------------------

The leaves, of male and female, and fruits of all 11 different taxons of Iranian conifers (27 samples) evaluated for their antioxidant activity showed strong antioxidant activity by both FTC and TBA methods ([Figs 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). The activity of BHT was ∼100% (the average absorbance of the BHT in both FTC and TBA methods was 0.002 in comparison with the control sample absorbances which were 0.868 and 0.635). Using FTC method, antioxidant activity of the extracts was ∼78--99% and ∼60--99% by the TBA method Figure 2.Antioxidant activity (% ± SD) of methanol extracts of leaves of male (ML) and female (FL) and fruits (F) of 11 different taxons of Iranian conifers (final concentration 0.02% w/v) measured using FTC method (*n* = 3). Figure 3.Antioxidant activity (% ± SD) of methanol extracts of leaves of male (ML) and female (FL) and fruits (F) of 11 different taxons of Iranian conifers (final concentration 0.02% w/v) measured using TBA method (*n* = 3).

Volatile Oils and Non-volatile Components
-----------------------------------------

The amount of non-volatile components (from defatted methanol extracts) of the fruits and leaves as well as the yield percentages of the essential oils are shown in [Table 1](#T1){ref-type="table"}. Table 1.Major components of fruits and leaves of Iranian conifersPlant namePlant partChemical components (average content)[\*](#TF1){ref-type="table-fn"}AlkaloidsFlavonoidsSaponinTanninsVolatile oil (% v/w)*C. semipervirens* var. *horizontalis*Leaves--2+4+3+0.50*C. semipervirens* var. *horizontalis*Fruits--1+4+4+0.38*C. semipervirens* var. *semipervirens*Leaves--1+1+1+0.10*C. semipervirens* var. *semipervirens*Fruits----1+2+0.30*C. semipervirens* cv. CereifeormisLeaves--3+1+3+0.20*C. semipervirens* cv. CereifeormisFruits--2+1+4+0.12*J. communis* subsp. *hemisphaerica*,Leaves (male)--3+1+4+0.57*J. communis* subsp. *hemisphaerica*,Leaves (female)--3+1+4+0.35*J. communis* subsp. *hemisphaerica*,Fruits--1+4+1+0.67*J. excelsa* subsp. *excelsa*leaves--1+2+1.20*J. excelsa* subsp. *excelsa*Fruits--2+1+1+1.00*J. excelsa* subsp. *polycarpos*Leaves (male)--3+4+4+0.96*J. excelsa* subsp. *polycarpos*Leaves (female)--3+1+2+0.61*J. excelsa* subsp. *polycarpos*Fruits--2+1+2+0.69*J. oblonga*Leaves (male)--3+1+4+0.60*J. oblonga*Leaves (female)--3+1+4+0.30*J. oblonga*Fruits--3+1+2+0.70*J. foetidissima*Leaves (male)--4+--3+0.72*J. foetidissima*Leaves (female)--4+--2+0.60*J. foetidissima*Fruits--4+--2+3.02*J. sabina*Leaves (male)--3+--2+0.6*J. sabina*Leaves (female)--3+--1+1.00*J. sabina*Fruits--------1.50*P. orientalis*Leaves--3+1+2+0.5*P. orientalis*Fruits--2+--3+1.5*T. baccata*Leaves (male)2+4+4+3+--*T. baccata*Leaves (female)3+2+--3+--*T. baccata*Fruits1+----4+--[^1]

Discussion
==========

There is a strong need for effective antioxidants from natural sources as alternatives to synthetic food additives in order to prevent deterioration of foods, drugs and cosmetics. The extracts and essential oils of many plants have been investigated for their antioxidant activity ([@B1],[@B4],[@B32]). In this study, the antioxidant properties of the methanol extracts of leaves, of male and female, and fruits of 11 different taxons of Iranian conifers; *C. semipervirens* var. *horizontalis, C. semipervirens* var. *semipervirens, C. semipervirens* cv. Cereifeormis, *J. communis* subsp. *hemisphaerica, J. excelsa* subsp. *excelsa, J. excelsa* subsp. *polycarpos, J. oblonga, J. foetidissima, J. sabina, P. orientalis* and *Taxus baccata*, were examined.

The inhibitions of activities against lipid peroxidation in linoleic acid were evaluated by measuring the concentration of the TBA-reactive substances and FTC.

The FTC method measures the amount of peroxide produced during the initial stage of lipid oxidation. Subsequently, at a later stage of lipid oxidation, peroxide decomposes to form carbonyl compounds that are measured by using the TBA method. The entire methanol extracts possessed strong antioxidant activity (low absorbance values) by both the FTC and TBA methods. The antioxidant activity was then compared with those of α-tocopherol (a natural antioxidant) and BHT (a synthetic antioxidant). Different extracts obtained from different parts of the plants exhibited strong antioxidant activity within the range of 78--99% by the FTC method (except for leaves of *C. semipervirens* var. *semipervirens* which was 55%) ([Fig. 2](#F2){ref-type="fig"}). Using the TBA method, all extracts also showed strong antioxidant activity within the range of 60--99% (except for leaves of *C. semipervirens* var. *semipervirens* and male leaves of *J. sabina* which were 44.5 and 51.5%, respectively), ([Fig. 3](#F3){ref-type="fig"}). The pattern of activity was very similar for both methods. *C. semipervirens* cv. Cereifeormis fruits' methanol extract exhibited the highest antioxidant activity (quite higher than α-tocopherol) in both methods. Among the extracts examined, the leaves of *C. semipervirens* var. *semipervirens* methanol extract possessed the lowest antioxidant activity.

This may be partially due to the low amounts of flavonoids and tannins in the leaves of *C. semipervirens* var. *semipervirens.*

A few studies on antioxidant activity of these plants' extracts also showed the same results. The methanol extracts of *J. chinensis* heartwood revealed the strong antioxidant activity ([@B22]). Results of a study of antioxidant activity of *J. communis* fruit extracts in *in-vitro* support our findings ([@B23]).

Antioxidant activity and its strength in each plant depends on the existence of various compounds in that plant. Antioxidative and radical scavenging activities of flavonoids are well studied ([@B34]). Some of phenolic compounds (anthocyanidin, catechines, flavones, flavonols and isoflavones), tannins (ellagic acid, gallic acid), phenyl isopropanoids (caffeic acid, coumaric acids, ferulic acid), lignans, catchol and many others are antioxidants ([@B35]). Several different essential oils obtained from various plants and their components have also been studied for their antioxidant activities ([@B36]). [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} indicate different extracts obtained from the leaves, of male and female, and fruits of all 11 different taxons showed different strength of antioxidant activity by both FTC and TBA methods. The methanol extract of the tested plants contains various non-volatile and volatile compounds ([Table 1](#T1){ref-type="table"}). As it can be seen from [Table 1](#T1){ref-type="table"}, the amounts of non-volatile compounds in leaves and fruits of them vary significantly. In all them (except for *T. baccata*), the amount of alkaloids was not detectable while the amounts of flavonoids, saponins and tannins were very different. Variation in the amounts of various non-volatile and volatile compounds in different tested plant can be one of the reasons causing differences in antioxidant activity of the extracts obtained from different plants as well as from different parts of each plant.

Finally, while further investigation is necessary to separate the component of each extracted sample and then evaluate the antioxidants activity of each component using several different methods, at this stage, methanol extracts of these plants can be considered as a strong antioxidant agent.

[^1]: **\***Average content was rated from - to 4+; +, slightly positive; ++, moderately positive; +++, strongly positive; ++++, very strongly positive; --, not detected.
